Because of turbulence in the economic environment, enterprises must react flexibly to the changing demands of their customers. Thus, a changeover process is required. If an enterprise has a large product portfolio, there are basically only two process options; to integrate production into large batches or to change the production programme frequently. Frequent changes associated with the changeover process of machinery are optimized by using the SMED method. The main goal of this paper is to apply SMED (Single Minute Exchange of Die) to a High-Mix processing line. The case study is undertaken in a flat glass processing company which manufactures hundreds of types of products. The results of the case study demonstrate that it is possible to save up to 30% annually of the time currently spent on changeovers.
INTRODUCTION
The production activities of various companies are often complicated by specific requirements of their customers. Companies across the production sector need to satisfy customer demands to remain competitive and profitable (Mašín & Vytlačil, 2000) . Ferrdás and Salonitis (2013) see the solution of this issue in the implementation of lean manufacturing tools and also through the use of customer-pull-based production, which should allow for the satisfaction of most customer requirements. Customer-pull-based production is closely related to the changeover of machinery. McIntosh et al. (2007) and Cakmakci (2009) state that the problem with changeover processes can be solved primarily by using two different approaches. The first approach is to integrate production into larger batches. King (2009) claims that if the changeover process is too long, expensive, or both, then there is an effort to manufacture in large batches instead of changing frequently to different types of products. The result of this solution is minimizing the machine downtime caused by changeovers. The second approach involves the frequent change of the production programme, i.e. frequent changeover of the machinery. The changeover process itself is mostly optimized by using the SMED method, defined by Shigeo Shingo in the 1950s, which is described in detail in the subsequent literature review (Shingo, 1985) .
THEORETICAL BACKGROUND
The Single Minute Exchange of Die (SMED) method was proposed in the late 1950s by Shingo (1985) during his work in the Mazda production plant. The method itself is mainly focused on the significant reduction of the time required for the changeover of machinery, but there are also many applications of this method for different purposes; e.g. McIntosh et al. (2001) describe similarities between changeover and maintenance tasks. They admit that integrating maintenance and changeover is likely to be difficult, but state that successful integration of these two methods is possible.
As Fig. 1 depicts, Shingo (1985) defined the SMED method as a three-step process:
Separating the internal and external setups Converting the internal setup to external Streamlining all operations within both kinds of setups Fig. 1 -Original SMED conceptual stages (Moxham & Greatbanks, 2001) Originally, the SMED method was generally used to reduce changeover process time, and it has been promoted by many lean managers and academics (McIntosh et al., 2007) . This concept is perceived as the best way to reduce industrial changeover times. Nevertheless, there have been many modifications of the original SMED concept. McIntosh et al. (2001) suggested the integration of the SMED method and TPM (Total Productive Maintenance). According to Perinić, Ikonić, and Maričić (2009) , the application of the SMED method should be supported by a simultaneous implementation of 5S. The need to implement the basics of visual management and proper workplace organization has also been recognized by other authors (Bikram & Khanduja, 2010; Moxham & Greatbanks, 2003) .
The low-cost/no-cost solution (Culley et al., 2003; Cakmakci, 2009 ) and a new design solution (McIntosh et al., 1996) are two approaches which are often used to reduce the duration of internal and external activities. Nowadays, the low-cost/no-cost solution is advocated by most companies and experts. The main principles behind this solution are organizational workflow changes (Culley et al., 2003; Cakmakci, 2009) , teamwork support, the application of visual management (Perinić, Ikonić, & Maričić, 2009) , and minor technical modifications of machinery (Sharma, 2001) . Cottyn et al. (2011) , Sheri and Bohn (2005) , and Palanisamy and Siddiqui (2013) the authors claim that the synergy of application of industrial engineering methods and modern information technologies and systems may have a positive influence on production activities. Cottyn et al. (2011) state that the application of lean manufacturing methods can be supported by the application of information systems, such as MES -Manufacturing Execution Systems -and also that MES can maintain the results achieved by the implementation of industrial engineering methods mainly by ensuring that selected processes are executed in a standardized way. Palanisamy and Siddiqui (2013) propose that integration of the SMED method and MES solves problems with scheduling set-up activities on multiple machines; they also mention that the implementation of MES allows effective redistribution of individual changeover activities between available workers.
METHODOLOGY
The whole case study is based on data from Filla (2014) . The project was divided into three basic stages: a preliminary analysis, data collection, and the application of the SMED method. In the preliminary analysis several work measurement techniques, such as direct observation of the whole shift, were used, thus making it possible to describe the current situation on the shop floor. The most important outcome of the preliminary analysis was the justification of the project, i.e. proving that the application of the SMED method is essential for the company. The justification was based on Pareto analysis, whose aim was mainly to identify relevant downtimes during the shifts. The preliminary analysis was followed by the data-collecting stage, which was mainly based on video recording the largest possible number of changeovers. In the data-collecting stage it was essential to record different types of changeovers, and also to record different workers performing the changeover process. With the records it was possible to determine the complexity of individual changeovers, and also different approaches to the changeover process taken by individual workers. The final stage, the application of the SMED method, was based on Shingo's original SMED concept (1985), as described in Fig. 1 . However, the application of the SMED method is slightly different because the distribution of the individual activities of changeover processes between multiple workers was needed in this specific case.
PROBLEM FORMULATION
The case study involves a flat glass processing company that has a variable production program and the need to optimize shop floor machine changeover processes. The justification of the whole project based on the Pareto analysis is shown in Fig. 2 below. Several techniques of work measurement, such as direct observation and a work sampling of the worker and machine during an entire shift, were used in the preliminary analysis phase. And the output of aforementioned analysis was used to determine summaries of individual downtimes. (Filla, 2014) The Pareto analysis shows the structure of various kinds of downtimes of the specific machine. According to the analysis, downtime is mainly caused by performing changeovers (62%) and adjusting the machine equipment (23%). Most of the machinery in the company is part of a production line that processes products that differ depending on the customers' diverse requirements. These requirements lead to a complex production plan with a high number of changeovers. Fig.  2 shows that conversion is a significant issue for the enterprise. For this reason, the company management decided to apply the method on a pilot workplace, i.e., the production line where the initial analysis took place. This line is considered a system bottleneck, and almost every product is processed on this machine. The company has several large customers who have ordered unique goods depending on their own production portfolio; as a result, there are several hundred product types with different characteristics are processed on the line.
Fig. 2 -Pareto analysis -downtime

SOLUTION AND RESULTS
Dividing changeovers into groups according to their complexity
The actual production line, which has been introduced above, consists of a material loader, grinding stations, drilling stations, a washer and conveyor belts which connect the various elements of the production line together. The line is operated by two employees -an operator and a worker who is responsible for the quality control of the final product. The changeover process is performed by the operator; the quality control worker does not participate in the changeover process of the production line. The primary purpose of this production line is to grind the edges and drill holes into the processed material. Due to a certain level of diversity in cases of individual changeovers, it was necessary to divide the production line into specific segments which determine the complexity of different types of changeovers. For the most accurate expression of the time needed for a specific type of changeover, four basic activities have been determined -changing the input material size, setting the software program, replacing the corner cutters and exchanging the drills. The specific sequences expressing the complexity of the individual type of changeover was determined. And all the types of changeovers are listed in the table (Tab. 1) below.
Tab. 1 -Specific types of changeovers (Filla, 2014) Changing the input material Size
Setting the Program
Adjusting the Corner cutting machine Exchanging the Drills Changeover type
During the initial analysis of the changeovers, it was found that the durations of the two most time-consuming changeover variants, i.e., SPCD and SPD, are almost the same. For this reason these terms were dropped from the code designation and more user-friendly terms were adopted. Thus, the variants are now identified as small, medium and large changeover.
Application of the SMED method
The application of the method SMED was implemented based on the original procedure established by Shigeo Shingo (1985) . The particular stages of the applications are named according to the steps which have been outlined in the text above (see Fig. 1 ). In the initial stages of the project the relevant data were collected. Primarily, the most complex types of changeovers were recorded. For the purposes of the project three conversions were reported, namely, there were two recordings of the SPCD changeover and one recording of the SP changeover. Furthermore, many additional recordings of individual operations, such as drill exchanges, adjustments to the corner cutting machine etc., were made. After analysing the collected data and distributing the various activities into groups in accordance with Shingo's methodology, it was discovered that all activities within the changeover process can be considered as internal operations in this particular case study. It was also discovered that several previous attempts to apply the SMED method or its parts had been made. Most of the solutions were undertaken before the start of the project and dealt with minor technical modifications of the machinery. In the changeover process several kinds of wastage was notice. The proportion of wastage to the total changeover time was approximately 10% in each changeover variant, which was also a part of the study. The only solutions to the given situation were to change the work organisation of the changeover process and the application of additional minor technical modifications to the machinery which had not been discovered and implemented during previous attempts to improve activities. Also, common 
Converting the internal setup to external
Because of the previous attempts to apply the SMED method, many internal setup activities had been converted to external ones in the past.
Stage 3 Streamlining all aspects of setup
Minor technical and organizational modifications, such as the labelling of individual elements of the line or setting a new standard for drill exchange based on the best experience, were proposed.
The most appropriate solution is to distribute the individual activities of the changeover process between the two workers who are available at the pilot workplace. Each operator is able to cover certain activities of the changeover process. It has to be noted that the distribution and synchronization of the activities has its limits. For example, when the tasks distributed to operator 2 have been completed but operator 1 is still performing his tasks, operator 2 is able to perform additional tasks that are not related to the changeover process. It also has to be mentioned that operator 2 has to finish his duties before he can take part in the changeover process. This method of distributing individual activities between two operators is shown in After the individual activities of the changeover process have been distributed between the two operators, a more visual method of the table above (Table 3) is needed. A visualisation of the changeover process performed by two operators is shown in Fig. 3 below. Both of these objects (Tab. 3 and Fig. 3 ) are simplified and are used only as an example of a proposed solution.
Fig. 3 -Changeover process visualization -simplified (Source: own)
For each type of changeover a similar solution was used and all of the managerial and work organization changes were also supported by proposing the application of additional industrial engineering methods such as 5S (Perinić, Ikonić, & Maričić, 2009) and TPM (McIntosh et al., 2001 ).
Results
After the proposed corrective measures had been implemented and the compliance of the workers with the prescribed procedures had been ensured, the following values were reached. For reasons of confidentiality the original values are multiplied by a coefficient which is selected from the interval <0.1>, but all of the percentages reflect reality. The estimated savings obtained by applying the SMED method are shown below in Changeovers with a higher number of adjusted segments generally achieved savings of up to 30%. It was also discovered that in cases of less complex changeovers, a lower percentage of time saved is achieved. This is mainly due to the fact that smaller numbers of activities cannot be reallocated between the two workers as effectively as in cases of highly complex changeovers. The savings of time are only approximately 18% and 20% for small and medium-sized changeovers.
The ratio in which various kinds of changeovers occur at the selected workplace was identified from the information system and it is shown in Fig. 4 below. (Filla, 2014) On the basis of the structure of changeovers which are commonly performed at the selected workplace, the actual time period consumed by the changeovers in one year at the workplace was defined. A similar approach was used for determining the time period consumed by the changeovers after all of the corrective measures stemming from the application of the SMED method had been implemented. The calculations of the annual time savings are shown in the tables below (Tab. 5 and Tab. 6). For reasons of confidentiality the real values are multiplied by a coefficient which is selected from the interval <0.1>; the total amount of changeovers performed in the one-year period was set at a hypothetical value of 1000 changeovers per year. 
Fig. 4 -Changeover breakdown at the selected workplace
The annual time savings resulting from the application of the SMED method are approximately 25%. It is highly probable that if additional investment is made, the result will be that much larger decreases in the time needed for processing changeovers will be seen.
CONCLUSION
The basic approaches of the application of the SMED method, which were defined by Shigeo Shingo, have been described in this article. The SMED method is mainly used to optimize the process of changeovers and for eliminating the negative impacts of frequent production programme changes, i.e., frequent setting and adjusting of machinery. In this case study the SMED method was implemented at a company with a high number of different manufactured products, which is currently quite common. However, in this case, the author is mainly focused on dividing changeovers into groups according to the complexity of the process itself. By using this kind of distribution, it is possible to use the data for a better evaluation of the savings stemming from the application of the SMED method. But according to the author, there is even greater potential in this way of applying SMED. The potential lies especially in integrating SMED methods with the information systems which are widely used in production companies. In cases in which a company is able accurately to determine the time required for a particular type of changeover, it should be possible to modify the sequence of orders in such a way as to meet the delivery times and also to reduce the total time required for changeovers. Cooperation between the SMED method and information systems has also been proposed by other authors (Cottyn et al., 2011; Palanisamy & Siddiqui, 2013) . According to the present author the potential for integration of the SMED method and information systems, such as MES, has not been fully discovered and documented yet, and it provides wide scope for further research.
